Background Vestibular paroxysmia (VP) is defined as neurovascular compression (NVC) syndrome of the eighth cranial nerve (N.VIII). The aim was to assess the sensitivity and specificity of MRI and the significance of audiovestibular testing in the diagnosis of VP. Methods 20 VP patients and, for control, 20 subjects with trigeminal neuralgia (TN) were included and underwent MRI (constructive interference in steady-state, time-of-flight MR angiography) for detection of a NVC between N.VIII and vessels. All VP patients received detailed audiovestibular testing. Results A NVC of N.VIII could be detected in all VP patients rendering a sensitivity of 100% and a specificity of 65% for the diagnosis of VP by MRI. Distance between brain stem and compressing vessels varied between 0.0 and 10.2
ABSTRACT
Background Vestibular paroxysmia (VP) is defined as neurovascular compression (NVC) syndrome of the eighth cranial nerve (N.VIII). The aim was to assess the sensitivity and specificity of MRI and the significance of audiovestibular testing in the diagnosis of VP. Methods 20 VP patients and, for control, 20 subjects with trigeminal neuralgia (TN) were included and underwent MRI (constructive interference in steady-state, time-of-flight MR angiography) for detection of a NVC between N.VIII and vessels. All VP patients received detailed audiovestibular testing. Results A NVC of N.VIII could be detected in all VP patients rendering a sensitivity of 100% and a specificity of 65% for the diagnosis of VP by MRI. Distance between brain stem and compressing vessels varied between 0.0 and 10.2 mm. In 15 cases, the compressing vessel was the anterior inferior cerebellar artery (75%, AICA), the posterior inferior cerebellar artery in one (5%, posterior inferior cerebellar artery (PICA)), a vein in two (10%) and the vertebral artery (10%, VA) in another two cases. Audiovestibular testing revealed normal results in five patients (25%), a clear unilateral loss of audiovestibular function in nine patients (45%) and audiovestibular results with coinstantaneous signs of reduced and increased function within the same nerve in six patients (30%). From the 20 TN patients 7, (35%) showed a NVC of the N.VIII (5 AICA, 1 PICA, 1 vein). Conclusions Only the combination of clinical examination, neurophysiological and imaging techniques is capable of (1) defining the affected side of a NVC and to (2) differentiate between a deficit syndrome and increased excitability in VP.
INTRODUCTION
Vestibular paroxysmia (VP) is a rare episodic peripheral vestibular disorder leading to acute short attacks of vertigo or disequilibrium with or without auditory and vegetative symptoms. [1] [2] [3] The variability of symptoms is caused by the fact that the eighth cranial nerve (N.VIII) contains different portions: the superior and inferior vestibular nerve and the cochlear nerve. The proposed mechanism underlying the acute attacks is ephaptic depolarisation. Repetitive pathological pressure applied to the nerve by a blood vessel is thought to induce demyelination with succeeding hyperexcitability enabling the ephaptic depolarisation. [4] [5] [6] Thus, the vessels appear to be most often arteries; however, evidence was presented that neurovascular compression (NVC) syndromes can also be elicited by venous vessels. 7 Which part of the nerve could be most sensitive to NVC? Anatomically, the course of a cranial nerve is divided into a peripheral and a central part. The part of the cranial nerve between the point of entry (PE: point of entry for afferent fibres, point of exit for efferent fibres) and the area where the nerve is myelinated by Schwann cells is defined as root-entry-zone (REZ). The REZ is histologically myelinated by oligodendroglia. Within the REZ, the susceptibility for developing a NVC syndrome seems to be highest. 8 In NVC syndromes of other cranial nerves (N. IV; N.V; N.VII) the pathological side due to typical symptomatology can be easily assessed. [9] [10] [11] [12] [13] [14] This, however, is not the case in NVC syndromes of N. VIII, especially when vertigo is the leading symptom and auditory symptoms are lacking. Although, analyses of audiovestibular function in former studies described high rates of pathological test results, a correlation of the side of neurophysiological pathology and imaging results was described as being contradictory. 1-3 15 Up to now, a systematic and detailed evaluation of highresolution MRI in combination with audiovestibular testing is missing in patients with VP. Therefore, the aim of the current study was to present standardised analyses of high-resolution MRI examinations in patients with VP which enable us to define the exact site of a NVC, and compare these to a control group of patients with trigeminal neuralgia (TN). Furthermore, sensitivity and specificity of the MRI procedures were determined, comparing the MRI results with the established clinical diagnostic criteria. Finally, detailed neurophysiological testing of audiovestibular function was correlated to the MRI data in order to define the pathological side.
METHODS

Inclusion and diagnostic criteria
VP was diagnosed according to the clinical criteria of Brandt and Dieterich. [1] [2] [3] Patients with 'definite' VP as defined by the recently validated diagnostic criteria (see box) without additional criteria concerning NVC with MRI (category E of the diagnostic criteria) were included. MRI data of patients with TN, who underwent the same diagnostic imaging sequences, were used as controls. The study was performed in accordance with the Declaration of Helsinki and after approval of the local ethics committee of the medical association of Rhineland-Palatinate. Patients were included after they gave their informed, written consent.
MRI protocol
The study was performed using a standardised MRI protocol. All structural images were acquired with the patients positioned supine within a clinical 1.5 T scanner (Vision Magnetom, Siemens, Erlangen, Germany). The heads of the patients were placed in a circularly polarised transmit/receive head coil. To characterise the position of the eighth cranial nerve and surrounding structures we applied (A) 3D CISS (constructive interference in steady state; figure 1A ,C,D), and (B) 3D TOF (time of flight; figure 1B) sequences. The CISS sequence is a heavily T2-weighted sequence with steady-state free precession compensating the flow of the cerebrospinal fluid (CSF). Alternating and non-alternating radio frequency pulses are combined in a resulting image displaying a very high contrast between CSF and nervous structures with the benefit of a combination of high signal levels and high spatial resolution. 16 17 (A) 3D CISS-scanparameters: repetition time (TR)=12.25 ms/echo time (TE) =5.90 ms, 70°flip angle, 180×180 mm (read×phase encode) field of view, 64.0 mm slab thickness, 512×448 matrix, 106 3D partitions, one slab, 0.35×0.40 mm pixel size, 0.8 mm effective section thickness, one acquisition. (B) 3D TOF-scan parameters: Image acquisition before and 3 min after the administration of 0.1 mmol/kg body weight of gadopentetate dimeglumine; repetition time (TR)=21 ms/echo time (TE)=7 ms, 20°flip angle, 200 mm field of view, 50 mm slab thickness, 512×384 matrix, 50 3D partitions, one slab, 0.39×0.52 mm pixel size, 0.8 mm effective section thickness.
Image analysis
Reconstructions in transversal (figure 1A), coronal ( figure 1C ) and sagittal (figure 1D) planes were performed to a slice thickness of 0.8 mm from the high-resolution 3D CISS sequences using Convis Professional Software on an Intel Icore VII workstation. Therefore, the images were reviewed in their magnetisation prepared rapid gradient echo (MPR) sequences in transversal, sagittal and coronal planes, always displaying the corresponding planes in real-time coregistration. The examiners were blinded before analysing the images. All images were assessed by two neurologists (CB, TI) and by two neuroradiologists ( JG, WM-F).
Neurovascular contact
The absence of a detectable layer of CSF between the eighth cranial nerve and any surrounding blood vessel was defined as NVC. 18 All identified vessels were followed to their origin and classified anatomically. The differentiation of arterial and venous vessels was made on the basis of two aspects: (A) if the vessel could be retraced to a major arterial (venous) vessel it was classified to be an artery (vein); (B) if the vessel appeared hyperintense in the contrast-enhanced TOF sequences and lacked hyperintensity in the unenhanced TOF sequences, it was Box Clinical diagnostic criteria for vestibular paroxysmia as adapted from Hüfner and colleagues. 3 
Definite vestibular paroxysmia
Patients suffered from a minimum of five vertigo attacks and fulfilled one criterion of each category (A)-(E)
Vertigo attacks: Vertigo attacks (rotatory as well as to and fro vertigo) with short duration (seconds to minutes), which ceased spontaneously
Vertigo triggers: Attacks occurred while in rest, were induced by a specific head and/or body position, or by a specific change of head and/or body position
Accompanying symptoms: Attacks were accompanied by at least one of the following additional symptoms: unsteadiness of stance and/or gait, lateralised tinnitus, decreased hearing function or subjective sensory irritations, such as a feeling of pressure within or around one ear
Additional criteria: The diagnostic procedures in addition to the anamnestic aspects revealed a neurovascular compression of the eighth cranial nerve on MRI scans including CISS sequences, a hyperventilation-induced nystagmus, a detectable progress of vestibular deficit over the course of disease, or patients responded positive to treatment
Exclusion: Any other possible pathology or disease explaining the symptoms had to be excluded Probable vestibular paroxysmia
Patients suffered from a minimum of five vertigo attacks and fulfilled criterion (A) and additionally at least three criteria out of the categories (B)-(E) CISS, constructive interference in steady state.
classified as a vein. Hyperintense presentation of a vessel on enhanced and unenhanced TOF sequences classified a vessel as arterial vessel.
To obtain values of sensitivity and specificity for the MRI procedures, VP patients were diagnosed based on the clinical diagnostic criteria without the imaging results.
Clinical examination
The patients underwent a detailed medical history, a systematic clinical neurological examination and a detailed neuro-otological and neuro-orthoptic examination, including positioning manoeuvres, stepping test for imbalance in stance and gait, examination with Frenzel's glasses for spontaneous nystagmus, head-shaking test for provocational nystagmus, head impulse test for pathological vestibulo-ocular reflex, screening for central ocular motor disorders by testing smooth pursuit, saccades and the fixation suppression of the vestibulo-ocular reflex.
Neurophysiological testing
Otolith function was tested by determining tilts of the subjective visual vertical (SVV) and pathological ocular torsion by fundus photographs (for methods, see: ref. 19 ). Additionally, a binocular 3D video-oculography including rotatory and caloric testing as well as a quantitative eye movement analysis (saccades, smooth pursuit, gaze-evoked nystagmus, optokinetic nystagmus and fixation suppression of the vestibulo-ocular reflex) was performed (for details, see: ref. 20) . Cervical vestibular-evoked myogenic potentials (cVEMP) were recorded to test saccular function; amplitude side difference ≥50% was considered as pathological. Bithermal caloric irrigation was performed to determine asymmetry on caloric nystagmus using the formula of Jongkees (side difference ≥25% was considered pathological). 21 For cochlear function and acoustic processing, acoustically evoked potentials (AEP) were performed.
RESULTS Patients
Twenty VP patients (12 women, 8 men; mean age 47.2 ±14.7 years; range: 17-78) and 20 TN patients (12 women, 8 men; mean age 48.4±14.9 years; range: 25-77) were included in our study. A detailed description of the symptomatology of each VP patient with accompanying complaints and signs as well as duration of attacks and the disorder is given in table 1. For the diagnosis of VP, the above mentioned criteria (see box) were applied, but MRI results were excluded from the diagnostic classification to enable the calculation of sensitivity and specificity afterwards. Within the diagnostic category D (additional diagnostic criteria), besides the criterion of a proven NVC in MRI, an alternative criterion is the positive treatment effect, which was present in all the 20 patients. In all included TN patients, the diagnosis was established in accordance with the current guidelines as published by the International Headache Society. 22 The patients' MR scans were revisited for NVC of the eighth cranial nerve.
Treatment effects in the VP patients
Eighteen patients were treated with carbamazepine (minimal dose 200 mg/day, maximal dose 600 mg/day), one patient received oxcarbazepine (600 mg/day) and one patient was treated with gabapentin (900 mg/day). The patient with gabapentin initially started on carbamazepine and had a full remission on 200 mg/day but developed a skin rash. Also on gabapentin a full relief of symptoms was achieved. The patient with oxcarbazepine also had complete remission of symptoms. From the carbamazepine treated patients three had an incomplete remission with residual symptoms. They described spells of short-lasting unspecific dizziness but were fully happy with the degree of improvement, not willing to increase the dosage or change the regimen of treatment. The category, 'vertigo' differentiates between rotational and to-and-fro sensations. Duration gives the duration of the isolated vertigo attacks. In the category, 'provocation' provocational factors are displayed as reported by the patients. Accompanying depicts a description of accompanying symptoms and complaints; the category 'gait' presents disturbances of stance and gait. The last category, time, gives the approximated duration since the onset of the vertigo complaints.
MRI VP patients
In all 20 VP patients, a NVC between N.VIII and a blood vessel was detected. In the majority of cases (75%; n=15) a contact was documented between the nerve and the anterior inferior cerebellar artery (AICA; figure 1A-D) , the posterior inferior cerebellar artery (PICA) in one patient and the vertebral artery (VA) directly at the REZ in two patients. In two patients, the NVC was between a vein and the nerve; in two other patients bilateral neurovascular contacts were revealed. In two patients, a double contact within one nerve could be detected. The mean distance between the REZ and the NVC was 4.8 mm±3.3 mm (range: 0.0-10.2 mm), the mean diameter of the compressing vessels was 1.4 mm±1.0 mm.
TN patients
In the control group (20 TN patients without vestibulo-cochlear symptoms), a total of seven (35%) NVC between the N.VIII and a blood vessel could be detected. In five patients, the compressing vessel was found to be the AICA, in one patient the PICA and in one patient a venous vessel. Mean distance between the REZ and the NVC in the control group was 5.1 mm±3.7 mm (range: 0.0-9.5 mm), the mean diameter of the compressing vessels was 1.3 mm±0.5 mm (for details see table 2 ). The distribution of the distance between the NVC and the REZ for the groups of VP and TN patients was displayed in a boxplot and a Mann-Whitney-Wilcoxon test was calculated showing no significant difference between the two groups (figure 2; p=0.317).
SENSITIVITY AND SPECIFICITY OF THE MRI PROTOCOL
A total of 40 patients were examined. In the VP group, all 20 patients fulfilled the clinical diagnostic criteria of VP which were defined as 'gold standard' method for the calculations of sensitivity and specificity. All the VP patients had a positive NVC on MRI, which was defined as 'new' test outcome. Therefore, in the VP group, 20 true positive test results were obtained. As no false negative patients were identified within this group, the sensitivity for MRI compared with the clinical diagnostic criteria (gold standard) was 100% (20/20) . The 95% binomial proportion CI of sensitivity as calculated by a Wilson score interval was 0.84 to 1.0. Of the 20 TN patients not fulfilling the clinical diagnostic VP criteria, seven patients (false positive) had a NVC on MRI and 13 patients (true negative) showed no NVC, resulting in a specificity of 65% (13/20) . The 95% binomial proportion CI of specificity as calculated by a Wilson score interval was 0.43 to 0.82.
CLINICAL AND NEUROPHYSIOLOGICAL RESULTS
A detailed description of the clinical and neurophysiological results is given in table 3. Interestingly, in only five patients (25%), the neurophysiological testing was unremarkable (cases 3, 6, 7, 8, 14) . Nine patients (45%) showed a clear pattern of unilateral loss/reduction of audiovestibular function identifying the affected side (cases 4, 5, 9, 10, 11, 12, 16, 17, 20) . The other six patients (30%; cases 1, 2, 13, 15, 18, 19) revealed complex neurophysiological patterns representing decreased as well as increased nerve function, that is, a combination of nerve lesion and nerve irrigation within the same side. For example, in case 1 with a NVC on the right side, the clinical and neurophysiological testing revealed a provocational nystagmus to the left (compatible with a right-sided lesion or a left-sided irrigation) and a pathological caloric side difference of 32% in favour of the right side which represent signs of hypofunction and excitation of the right N.VIII. In case 2, a right-sided NVC resulted in a provocational nystagmus to left (compatible with a right-sided lesion), a pathological caloric side difference of 41% in favour of the right side, a pathological ocular torsion of both eyes to the left, and pathological tilts of SVV to the left (both compatible with a lesion left or an irrigation right), and finally a right-sided pathological AEP. Thus, the testing disclosed signs of a hypofunction and an excitation of the right N.VIII (for details, see table 3).
DISCUSSION
NVC of the eighth cranial nerve was detected with a sensitivity of 100% in our VP patients and a specificity of 65% in our TN control group by a standardised MRI protocol. We were able to demonstrate that VP can be elicited by a NVC of the eighth cranial nerve by any type and size of compressing blood vessel along the whole intracisternal segment with a length of more than 10 mm of the eighth cranial nerve. A contact could be assigned to the AICA in 75%, the VA in 10%, the PICA in 5%, and a vein in another 10%. Furthermore, the broad range of the symptoms could also be comprehended, as the neurophysiological test results presented three types of pathology: first, isolated functional deficits, second, combined deficits, and third, at first glance contradicting combinations of audiovestibular deficits (hypoexcitability) and hyperexcitability occurring in the same nerve. The latter complex pattern represents the simultaneous combination of lesion and irrigation of the eighth cranial nerve which was described earlier in single cases. 23 24 Table 3 Clinical and neurophysiological parameters in vestibular paroxysmia
Results of clinical and neurophysiological examination The site of NVC along the eighth cranial nerve
The data on standardised MRI analyses of NVC syndromes of the eighth cranial nerve is sparse. In a recent MRI and neurophysiological study on 34 patients suspected to have a NVC syndrome, a 100% prevalence of contact between the AICA and the eighth cranial nerve was detected. 15 Since a positive NVC was a prerequisite for study entry, the study does not help in respect to the differential diagnosis of VP. The exact site of the NVC, however, has not been described. We were able to proof a NVC in all 20 patients with the clinical syndrome of VP (sensitivity 100%; specificity 65%). While the sensitivity in the VP patients with 100% was very good, the specificity of 65% in the TN group was rather moderate. As no audiovestibular testing was performed on the TN patients, it cannot be decided if some of the 'false positive' NVC of N.VIII in the TN patients had an audiovestibular correlate. Thus, the specificity could possibly be a little higher than 65%. Our results, however, correspond to previous findings in 22 VP patients who underwent MRI scans including CISS sequences; in all but one patient, a NVC was found. 3 An exact MRI analysis (distance to PE, diameter of vessel) of the NVC was not presented.
Though the predictive value of high-resolution MRI (including CISS sequences) in identifying the exact site of NVC was not directly assessed in this study, one might infer from the high sensitivity of 100% (and moderate specificity of 65%) that MRI should be appropriate to exclude VP in uncertain cases or to diagnose differential diseases, such as vestibular schwannoma or tumours within the cerebellopontine angle. Furthermore, the exact characterisation of the NVC and the side of the contact by MRI is helpful for the interpretation of ambiguous results in clinical and neurophysiological examination-at least in cases of unilateral NVC.
Which part of the nerve is especially sensitive to a NVC?
Ryu and colleagues performed posterior fossa surgery and neurovascular decompression of the fifth as well as the eighth cranial nerve and documented the sites of the NVC. They found it to be along the whole intracisternal segment of the eighth cranial nerve. 25 26 These results are in accordance with our results, as we found NVC along the whole intracisternal part of the nerve starting from 0 mm up to 10.2 mm close to the internal acoustic porus. These data fit to a postmortem study on the anatomy of the cranial nerves by Lang: the transition zone, where oligodendrocytes change into Schwann cells, ranges from 6 mm to 15 mm as measured from the PE. 27 Most often, this transition zone was found in the area of the internal acoustic porus. Thus, the largest part of the intracisternal range of the eighth cranial nerve is covered by central myelin and obviously oligodendrocytes seem to be particular vulnerable for deficits induced by NVC. Interestingly, the intracisternal part of central myelin is shorter in other cranial nerves except for the facial nerve. 27 Therefore, the eighth cranial nerve appears to be specifically susceptible for a compression-induced dysfunction due to the long distance covered by central myelin. Particularly in the light of the variety of isolated and combined vestibular as well as auditory symptoms, the importance and benefit of a standardised diagnostic procedure in patients suspected for VP should be underlined. The application of high-resolution MRI including CISS sequences due to the high sensitivity should be implemented to exclude VP in unclear cases, or to identify differential diseases, for example, vestibular schwannomas or other tumours of the cerebellopontine angle.
Variations of the audiovestibular findings
There are only few studies with detailed descriptions of the audiovestibular testing. In a recent study on patients meeting the radiological criteria for a NVC of the eighth nerve, an extremely high prevalence of pathological audiovestibular testing was reported. 15 However, some uncertainties in the interpretation of these data have to be taken into consideration. No correlation between the detected NVC and the pathological neurophysiological findings was performed and it appears unclear how a peripheral vestibular nerve deficit is capable of inducing a pathological optokinetic nystagmus, a sign of central dysfunction. The study by Hüfner and co-workers gave a detailed description of a comprehensive audiovestibular testing. Over a time course of 5.7 years, a decrease in pathological gaze-evoked nystagmus, an increase in pathological findings on electronystagmography, ocular torsion and static SVV results were found. 3 A direct correlation between the pathological findings on audiovestibular testing and the NVC in MRI could not be performed since in 42% of the patients a bilateral contact was present. 3 This prevalence of pathological audiovestibular test results roughly matched the numbers of our patient collective. In older studies, it was already described that vestibular test results can be contradicting and of limited localising value, whereas pathological findings in auditory testing were meant to be of high localising value. 28 On the other hand, other studies were not able to discover any specific results, and even revealed normal findings in the majority of tests and patients, or they found in about 30% only a slightly reduced caloric responsiveness. 29 30 However, the significance of audiovestibular findings in the older studies was limited as a more detailed testing of vestibular functions, such as otolith function, for example, by cVEMPs and measurements of ocular torsion and SVV, was not available. Such a detailed vestibular testing to date identified six of our patients with signs of excitation as well as hypofunction within the same nerve. We therefore conclude that an asymmetry of caloric responsive nystagmus as sign of canal paresis in some cases has to be interpreted as an increased excitability of the vestibular nerve/nuclei on one side and not as 'hyporesponsiveness' of the contralateral side. In addition to the neurophysiological audiovestibular test results, hyperventilation-induced nystagmus as the most sensitive clinical sign of VP was not tested in all our patients. Therefore, it was not included in the analyses. Future studies should, in addition to the procedures applied in our study, systematically evaluate hyperventilation-induced nystagmus.
Pathophysiology of NVC
While NVC syndromes have been reported for several cranial nerves, and effective treatment regimens were established-of invasive as well as non-invasive nature-the pathophysiology remains controversial. 7 On the one hand a 'peripheral hypothesis' postulating the local compression and with it the peripheral nerve pathology as causative. [31] [32] [33] On the other hand a 'central hypothesis' defines a dysfunction within the cranial nerve nuclei with increased excitability or even a dysfunction at the level of thalamic-cortical projections as well as on cortical level itself as causal. 34 35 In the context of the pathophysiological discussion, Adams even postulated, that NVC is not correlated with a patient's symptoms at all. 36 In conclusion, a 'dual pathology' yet seems to be the most likely assumption on the various concepts and arguments: The peripheral NVC seems to be a necessary factor triggering the development of symptoms defining the clinical picture of a NVC syndrome. In addition to the peripheral compression, a central pathology inducing hyperexcitability within the cranial nerve nuclei, or even a reduced inhibitory projection to the cranial nerve nuclei, seems to be mandatory. Furthermore, additional factors must play a role in the development of the clinical picture of NVC syndromes, as the presence of a nerve-vessel contact alone does not suffice in triggering the disease. Such yet unknown factors might be altered membrane potentials or latent nerve injuries. 7 Data on the pathophysiological concept of NVC syndromes arises mainly from studies on the fifth and the seventh cranial nerve. The data on such phenomena for the eighth cranial nerve is sparse.
While central sensitisation and decreased central inhibitory activity both resulting in hyperexcitability were already described in the context of symptom development for the fifth cranial nerve, a systematical evaluation of such mechanisms for the eighth nerve is lacking entirely. 37 38 There is only one report on a patient with alternating episodes of vestibular nerve excitation and failure due to an arachnoid cyst in the right cerebellopontine angle that distorted the vestibulo-cochlear nerve. 24 The most likely cause was a transition from a conduction block to ectopic discharges that occurs when various peripheral nerves are compressed. Animal experiments have shown that longlasting compression of a nerve leads to depolarisation of axons and conduction block due to direct nerve compression or ischaemia caused by compression of nerve vessels. 39 Moreover, short-duration mechanical compression of an ischaemic depolarised nerve induces ectopic firing. 40 Both mechanisms explain the signs of hypoexcitability and hyperexcitability within the same nerve. In the context of the pathophysiological discussion in NVC syndromes, our data provide the first systematic evidence which supports the idea of a dual pathology for a NVC of the eighth cranial nerve. Besides the picture of peripheral nerve pathology with a functional deficit as depicted by the corresponding electrophysiological procedures, we also found distinct signs of an increased excitability. Our data give evidence that such phenomena play a relevant role (30% of the cases) in the symptomatology of VP. At least, the presence of a NVC has to be a prerequisite, or precondition, for the further development of the full clinical VP picture. Thus, only in the context of imaging and neurophysiological results the complex picture of VP can be unambiguously classified.
CONCLUSION
Due to the long intracisternal course with central myelin, the eighth cranial nerve is highly susceptible to a NVC by any surrounding artery and vein inducing the clinical presentation of VP. Applying a combination of clinical and neurophysiological diagnostic procedures as well as standardised high-resolution MRI with 3D CISS sequences, the diagnostic certainty is very high. The combination of the different methods in the patients suspected for VP is mandatory. Especially, due to the moderate specificity of MRI on its own, MRI should not be applied to diagnose NVC. In the context of suspected VP, MRI is capable of (1) excluding cases without a NVC, (2) excluding differential diagnosis and (3) to define the side of pathology in cases of contradicting neurophysiological and clinical test results. Detailed neurophysiological audiovestibular testing is capable of depicting deficit syndromes and also nerve excitation and/or central sensitisation with consecutive hyper-responsiveness of the vestibular afferents. In conclusion, the combination of neurophysiological and imaging techniques is recommended for patients suspected with VP to safely classify the side and degree of damage, and to finally have a better control of treatment success in the follow-up of the patients.
